Purpose: This study aimed to investigate the association of surgical intervention with clinical and quality of life (QoL) outcomes in patients who underwent posterior spinal surgery for lumbar spinal stenosis (LSS) with spinal calcium pyrophosphate dihydrate deposition (SCPPD) versus that in those who underwent the surgery for LSS without SCPPD. Overview of Literature: Calcium pyrophosphate (CPP)-associated arthritis is one of the most common types of arthritis. The clinical outcomes are well studied in CPP-associated arthritis of the appendicular joints. However, few studies have investigated SCPPD. Methods: A single-institution database was reviewed. LSS patients were categorized as those who did and did not have SCPPD, based on histologic identification. Clinical presentations and postoperative results were analyzed. Disability and QoL were assessed using the Oswestry Disability Index (ODI) and the 36-item Short-Form Health Survey. Results: Thirty-four patients were enrolled, with 18 patients being allocated to the SCPPD group and 16 being allocated to the non-SCPPD group. Preoperative and postoperative pain scores were not significantly different between the groups (p=0.33 and p=0.48, respectively). The average preoperative ODI score in the SCPPD group was slightly higher than that in the non-SCPPD group (57 vs. 51, p=0.33); however, the postoperative ODI score was significantly lower (15 vs. 43, p=0.01). The postoperative physical function, vitality, and mental health of the SCPPD patients were also significantly improved (p=0.03, p=0.022, and p=0.022, respectively). Conclusions: Surgical intervention resulted in good clinical outcomes in SCPPD patients. As per our findings, total removal of CPPinvolved tissue is unnecessary. As such, surgery should be performed as indicated according to clinical presentation without considering the presence of CPPD.
Introduction
Calcium pyrophosphate dihydrate crystal deposition (CPPD) or pseudogout is the third most common type of inflammatory arthritis. As compared to osteoarthritis, CPPD is associated with higher levels of inflammation, pain, stiffness, and functional limitation [1] . Induced inflammation is associated with pain, stiffness, and functional limitation in the affected joints. CPPD of the spine is a rare disease. CPPD in the lumbar area of the spinal structure (SCPPD) can be found in the intervertebral disc ( Fig. 1 ) [2] , disk fibrocartilage [3] , ligamentum flavum [4, 5] , and facet joint [6] [7] [8] . The prevalence varies as per the spinal structure that is affected. Berlemann et al. [2] reported incidental CPPD in 12.6% of lumbar intervertebral discs. Yayama et al. [4] identified CPPD in 36.66% of ligamentum flavum samples, and Markiewitz et al. [5] reported CPPD in the ligamentum flavum in 24.5% of surgically treated patients. Inflammation in these structures may cause pain in the affected area as well as neuropathic pain that may be attributable to inflamed neural structures or compressive effect of the inflamed tissues. Common clinical presentations include back pain and/or radiating leg pain [6, 8] that may mimic infection, cauda equina syndrome [9] , spinal epidural hematoma [10] , and spinal stenosis [11] [12] [13] [14] . However, the clinical significance of SCPPD in patients who present with lumbar spinal stenosis (LSS) remains unclear. We hypothesized that posterior spinal surgery to correct LSS should increase inflammation in SCPPD patients as compared to that in non-SCPPD patients and that total removal of these structures may be necessary. We further hypothesized that different levels of inflammation and pathology in the two conditions would result in dissimilar pain levels and clinical outcomes. However, as per our literature review, no studies have validated these hypotheses. Thus, we aimed to study the effects of SCPPD in LSS patients.
This study aimed to investigate the association of surgical intervention with the clinical and quality of life (QoL) outcomes in patients who underwent posterior spinal surgery for LSS with SCPPD versus that in those who underwent the surgery for LSS without SCPPD.
Materials and Methods
This study was conducted at a university-based tertiary referral center. The protocol for this study was approved by the Siriraj Institutional Review Board, Faculty of Medicine Siriraj Hospital, Mahidol University (IRB approval no., Si233/2014).
A single-institution database was reviewed, identifying LSS patients who were surgically treated with posterior spinal surgery during the 2003-2011 study period. All the LSS patients were categorized as those with and without SCPPD. Definite diagnosis of SCPPD was confirmed using histologic identification of calcium pyrophosphate (CPP). Clinical presentations, complications, and postoperative results of both the groups were analyzed. SCPPD patients who underwent decompressive laminectomy and/or fusion were included after histopathologic diagnosis. Non-SCPPD patients were then matched using demographic data. Patients were excluded if their medical chart contained incomplete data and/or the follow-up period was <2 years.
All the patients underwent decompressive laminectomy with or without discectomy as per the clinical and magnetic resonance imaging findings ( Fig. 2 ). No patient underwent total removal of CPP-involved tissues or steroid injection (adequate decompression was confirmed in all cases without total facetectomy or total discectomy). Spinal fusion with or without instrumentation was performed if the patient had significant back pain or instability. Ligamentum flavum, facet capsule, and disc specimens were sent for histopathologic examination for all patients. The enrolled patients were divided into the following two 
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groups: SCPPD group (18/34) and non-SCPPD group (16/34) as per the histopathologic report. Patients in the SCPPD group did not receive colchicine postoperatively. Data were collected via chart abstraction; demographic data, clinical presentations, operative data, radiographic findings, and postoperative data were recorded. Pain was evaluated using the Verbal Rating Scale (VRS) (range, 0-10). All the patients completed the 36-item Short-Form Health Survey (SF-36) version 2.0 questionnaire (Thai version) [15] and the Oswestry Disability Index (ODI) low back pain version 1.0 questionnaire (Thai version) [16] before the surgery and at the last follow-up. Informed consent was obtained from all patients at the last followup. Fusion was evaluated using plain radiographs.
Descriptive statistics, including mean, standard deviation, median, minimum, maximum, and range values, were calculated for quantitative data, while frequencies were calculated for categorical and ordinal variables. Mann-Whitney U-test and chi-square test were used to compare continuous variables and categorical variables, respectively. A p-value <0.05 was considered statistically significant. Data were analyzed using the SPSS statistics ver. 13.0 (SPSS Inc., Chicago, IL, USA).
Results
Thirty-four patients (15 men and 19 women) were enrolled, with 18 patients allocated to the SCPPD group and 16 to the non-SCPPD group. Demographic, clinical, and operative data are shown in Table 1 . The mean operative time and mean intraoperative blood loss were not significantly different between the groups. The mean follow-up duration was 61.9 months (range, 41-92 months).
The demographic data of the groups were comparable; however, the mean body mass index (BMI) of the SCPPD group was significantly lower than that of the non-SCPPD group (23.56 kg/m 2 versus 26.47 kg/m 2 , p=0.015). The commonly affected levels in both the groups were L4-5, L3-4, and L5-S1. No patient had a history of CPPD in other joints. Fourteen of the 18 SCPPD patients and 11 of the 16 non-SCPPD patients underwent spinal fusion. None of these patients required additional surgery because of nonunion or surgical complications. Preoperative and postoperative pain scores were not significantly different between the groups (p=0.33 and p=0.48, respectively). The average preoperative ODI score in the SCPPD group was slightly higher than that in the non-SCPPD group (57 versus 51, p=0.33); however, the postoperative score was significantly lower (15 versus 43, p=0.01). Physical function, vitality, and mental health were also significantly improved in the SCPPD group at the last follow-up (p=0.03, p=0.022, and p=0.022, respectively). Regarding other items and summary scores, no statistically significant differences were observed between the groups. Preoperative and postoperative VRS, ODI, and SF-36 data are shown in Table 2 . There were no statistically significant differences in the postoperative scores among the three operative procedures. Subgroup analysis of the SCPPD group for each operative procedure is presented in Table 3 ; no significant differences were detected among the three surgical procedures.
Discussion
The present study revealed that SCPPD group patients had a significantly higher average age than the non-SCP-PD group patients. SCPPD group patients also had higher levels of back pain than the non-SCPPD group patients; however, the difference in the pain levels of the groups was not statistically significant. Preoperative pain score, percentage of back pain, ODI, and SF-36 score were not significantly different between the groups, although the SCPPD group patients had a significantly lower BMI. This finding may indicate that inflammation in CPP-involved tissue plays the role. The most common affected levels were L4-5 and L3-4 in both the groups. Markiewitz et al. [5] reported that SCPPD patients had more acute symptoms with similar clinical presentation. No pathognomonic sign of SCPPD has been reported in the literature. Although facet cyst is reportedly associated with SCPPD, we found that the incidence of facet cyst was comparable in the two groups. Very few studies have described the surgical treatment in SCPPD patients. Mahmud et al. [17] reported successful relief of symptoms in SCPPD patients after surgical decompression and/or fusion. However, to our knowledge, no study has reported any comparison between SCPPD and non-SCPPD in LSS. The authors hypothesized that surgical intervention would result in more inflammation in patients with LSS and SCPPD who already had more inflammatory features than LSS patients without SCPPD. The present study revealed comparable pain and overall QoL in the groups after the surgical treatment, although total removal of CPP-involved tissues was not performed for any patient. There was no statistically significant difference between the groups in terms of preoperative disability, pain, and QoL. Although the SCPPD group patients showed significantly better postoperative clinical results for disability, physical function, vitality, and mental health, there was no significant difference between the groups for overall physical and mental health at the last follow-up. Operative procedures (i.e., fusion and instrumentation) may not correlate with postoperative function because the subgroup analysis did not detect any significant differences among the three surgical procedures. This may be attributable to selection bias. The authors conclude that total removal of CPP-involved tissues is not mandatory, given that all SCPPD group patients demonstrated significant improvement in pain, ODI, and SF-36 QoL scores. Limitations of this study included the fact that it was a single-center retrospective study and involved a relatively small number of participants. In this study, we determined fusion using plain radiographs. Computed tomography scan would have been more accurate for evaluating fusion. A large, prospective multi-center study may be able to obtain additional information on the clinical impact of SCPPD in degenerative spine disease.
Conclusions
To our knowledge, this is the first study to investigate the effect of CPPD on clinical and QoL outcomes in surgically treated LSS patients. Surgical intervention resulted in good clinical outcomes in SCPPD patients. As per our findings, total removal of CPP-involved tissue is not necessary for outcome improvement. Thus, surgery should be performed as indicated based on the clinical presentation without considering the presence of CPPD. 
